n METHOD OF MANUFACTURING ELLIPTIC DEEP-DRAWN PRODUCTS 

FIELD OF THE INVENTION 
[000 1] The present invention relates to a method of manufacturing elliptic 
5 deep-drawn products by deep-draw forming including a spinning process and a 
press working process. 

BACKGROUND OF THE INVENTION 
[0002] Deep-draw forming methods include spinning, press working and 
hydraulic forming. 

10 [0003] In spinning, a blank is placed on a rotary forming die and then 
pressed against it using a spinning bar to a deep-drawn form. 
[0004] In press working, a blank is pressed in a die (upper die, lower die) 
into a deep-drawn form. Under some conditions, the forming is divided into 
several steps. 

15 [0005] There is another method of deep drawing through two processes of 
spinning and press working. 

[0006] For example, manufacturing of cooking bowls in a D shape is 
performed through two processes of spinning and press working. Specifically, a 
blank is worked into a hemispherical shape by spinning, and then a part of the 
20 side surface of the hemispherical formed product is formed flat by press working 
to produce a D shape, which method is disclosed in Japanese Patent Laid Open 
Publication No. HEI-7308724. This D-shaped container manufacturing method 
will be described with reference to FIG. 15 hereof. 

[0007] Referring to FIG. 15, in the conventional D-shaped container 
25 manufacturing method, first, a thin blank sheet is deep draw formed by 
spinning to produce a hemispherical container 200. Then, the hemispherical 
container 200 is placed on a first die 211 of a press working device 210, and the 
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side surface 201 of the hemispherical container 200 is partially pressed from the 
side as shown by arrow (a) into a flat shape using a second die 212, whereby to 
produce a D-shaped bowl form with the flatly crushed portion. Thus enabled is 
the production of a D-shaped container from a thin material. 
5 [0008] Although the above manufacturing method enables deep draw 
forming through spinning and subsequent press working, it is a manufacturing 
method only for D-shaped containers, and is not suitable for forming different 
shapes than bowl shapes. Different products require different numbers of 
drawing steps and different dies, resulting in different process steps suitable for 
10 the respective different products. If it is possible to previously spin form a shape 
which prevents fracture and wrinkling in final press working, the effects of 
spinning such as reduction in die cost can be obtained. 

[0009] It is thus desired to be able to form an elliptic deep-drawn product of 
a U-shaped cross section in two processes of a spinning process and a press 
15 working process, so as to reduce production costs even in small- quantity 
production. 

SUMMARY OF THE INVENTION 
[0010] According to the present invention, there is provided a method of 
manufacturing an elliptic deep-drawn product, which comprises- a first series of 

20 steps of providing an intermediate product, the steps including placing a blank 
on a spinning forming die, pressing the blank onto the forming die with a 
spinning bar, and forming a substantially round formed portion of a U-shaped 
cross-section; and a second series of steps of providing an end product, the steps 
including placing the intermediate product in a press working die, and causing 

25 deformation with the die in a semicircle of the formed portion to form an elliptic 
portion and also causing deformation in another semicircle of the formed 
portion to form the formed portion into a final shape. 



[00 11] In the first series of steps of the invention, the rotary forming die is 
used to form the substantially round formed portion of the U-shaped cross 
section. 

[0012] In the second series of steps, the press working die causes 

deformation in the semicircle of the formed portion to form the elliptic portion 
while forming the formed portion into a final shape, thus causing no fracture 
and wrinkling in the formed portion of the final shape. 

[0013] That is, the substantially round formed portion of the U-shaped cross 
section required for final press working is preformed by spinning, which 
eliminates the need for providing a press working process before the second 
series of steps. The ehmination of a press working process results in reduction 
of die cost of the press working die. Thus, even a small- quantity production of 
deep-drawn products having an elliptic shape can be reduced in cost. 
[0014] The end product is preferably a nacelle lip of an airplane engine. 
Nacelle lips of airplane engines can be produced by performing press working 
after spinning, resulting in reduced costs of production of the nacelle lips even 
in low volumes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Preferred embodiments of the present invention will be described in 
detail below, by way of example only, with reference to the accompanying 
drawings, in which: 

[0016] FIG. 1 is a schematic diagram of an airplane with an elliptic deep- 
drawn product manufactured by a manufacturing method according to the 
present invention; 

[0017] FIG. 2 is an enlarged perspective view of the elliptic deep-drawn 
product at a portion indicated at 2 in FIG. l; 

[0018] FIG. 3 is a front view of the elliptic deep-drawn product shown in FIG. 



2 when viewed in the direction of arrow 3; 

[0019] FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 3; 
[0020] FIG. 5 is a process chart illustrating the manufacturing method of 
the elliptic deep-drawn product in the invention; 
5 [0021] FIGS. 6A to 6E are diagrams illustrating a concrete example of steps 
ST02 and ST03 shown in FIG. 5; 

[0022] FIGS. 7A to 7C are diagrams illustrating a concrete example of step 
ST04 shown in FIG. 5; 

[0023] FIGS. 8Ato 8E are diagrams illustrating a concrete example of steps 
10 ST04 and ST05 shown in FIG. 5; 

[0024] FIGS. 9A and 9B are diagrams illustrating trimming of an inter- 
mediate product in ST06 shown in FIG. 5; 

[0025] FIGS. 10A to 10C are diagrams illustrating solution heat treatment 
of the intermediate product in ST07 and ST08 shown in FIG. 5; 
15 [0026] FIGS. 11A to 11F are diagrams illustrating a concrete example of 
step ST09 shown in FIG. 5; 

[0027] FIG. 12 is a diagram illustrating artificial age hardening of an end 
product in ST 10 shown in FIG. 5; 

[0028] FIGS. 13A and 13B are diagrams illustrating a concrete example of 
20 trimming and grinding steps of the end product in ST11 and ST12 shown in FIG. 

5; 

[0029] FIG. 14 is a temperature diagram illustrating temperature transition 
in the manufacturing method of this invention; and 

[0030] FIG. 15 is a diagram illustrating a conventional method of manufac- 
25 turing a thin metal sheet D-shaped container. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0031] An elliptic deep-drawn product formed by a manufacturing method of 
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this invention is used on an airplane 11, for example, as shown in FIG. 1. 
[0032] The airplane 11 has a body 14, two main wings 15, 15 and a tail 
assembly 16 attached to the body 14. 

[0033] An elliptic deep-drawn product 17 is used as a nacelle Up provided at 
5 the front end of a nacelle 13 of an engine 12 on the airplane 11, covering the 
front end of the nacelle 13, permitting introduction of air into the engine 12. 
[0034] FIG. 2 illustrates the nacelle lip (elliptic deep-drawn product) 17 
shown in FIG. 1. The nacelle lip 17 includes a Up top 21, an upper Up portion 22, 
a lower Up portion 23, an inner peripheral portion 24 contiguous to the Up top 2 1, 
10 an outer peripheral portion 25, an inner edge 26 of the inner peripheral portion 
24, and an outer edge 27 of the outer peripheral portion 25. The upper Up 
portion 22 has a shape of a part of an ellipse. 

[0035] FIG. 3 illustrates that the upper Up portion 22 is elliptic with respect 
to the lower Up portion 23. Reference sign 31 denotes the centerUne of the Up 

15 top 21, O the center of the Up top 21, Dp the diameter of the Up top 21, Di the 
diameter of the inner edge 26, and C a Une of symmetry. L denotes the distance 
between the center O and the outer edge 27 at the lower Up portion 23. Lu 
denotes the distance between the center O and the outer edge 27 at the upper 
Up portion 22. The distances L and Lu are in the relation of Lu > L. 

20 [0036] FIG. 4 illustrates that the distance between the centerUne 31 and the 
inner edge 26 is Ll, the distance between the centerUne 31 and the outer edge 
27 at the lower Up portion 23 is also Ll, the distance between the center Une 31 
and the outer edge 27 at the elUptically-formed upper Up portion 22 is L2, and 
the distance L2 is set larger than the distance Ll. 

25 [0037] The angle of the outer peripheral portion at the lower Up portion 23 is 
set at 0, and the angle of the outer peripheral portion 25 at the upper Up portion 
22 is set at 9u. The angles 6 and 0u are in the relation of 0u > 0. 
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[0038] A method of manufacturing the nacelle lip (elliptic deep-drawn 
product) 17 in which the shape of the upper hp portion 22 is different from the 
shape of the lower Up portion 23 as described above will be described with 
reference to the process chart of FIG. 5. 
5 [0039] As shown in FIG. 5, the elliptic deep-drawn product manufacturing 
method has a first process and a second process as main processes. The first 
process is a spinning process including steps of step (hereinafter abbreviated as 
"ST") 02 to ST05 in which a blank is prepared. The second process is a press 
working process including a step of ST09 for final shape forming. 
10 [0040] ST01: A thin plate is cut to obtain a blank 34 shown in FIG. 6 A. 

[0041] ST02: The blank 34 shown in FIG. 6Ais formed at its central portion 
45 with an inner peripheral portion 24 (see FIG. 2) by a spinning inner 
periphery forming die 35. 

[0042] ST03* The inner peripheral portion 24 is subjected to full annealing. 
15 [0043] ST04: As shown in FIGS. 7A to 7C, the blank 34 is formed at the 

remaining portion 54 with an outer peripheral portion 24 by a spinning outer 

periphery forming die 56 to obtain a first intermediate product 66 having a 

substantially round formed portion 65 as shown in FIGS. 8D and 8E. 

[0044] ST05- The outer peripheral portion 25 is subjected to full annealing. 
20 [0045] ST06- The first intermediate product 66 is subjected to trimming to 

obtain a second intermediate product 74 shown in FIGS. 9A and 9B. 

[0046] ST07: As shown in FIGS. 10A and 10B, the second intermediate 

product 74 is subjected to solution heat treatment. 

[0047] ST08" The solution-heat-treated second intermediate product 74 is 
25 cooled, and then, as shown in FIG. 10C, the temperature of the second inter- 
mediate product 74 is maintained at 0°C or below in a refrigerator 78. 
[0048] ST09" For press working, the second intermediate product 74 is 



removed from the refrigerator 78 shown in FIG. IOC, placed in a press working 
die 81 as shown in FIGS. 11A and 11B, and subjected to cold forming to obtain a 
formed portion 96 formed in a final shape including an elliptic portion 95 (see 
FIGS. HE and 11F), and simultaneously to obtain an end product 97. 
5 [0049] ST10: As shown in FIG. 12, the end product 97 is subjected to 
artificial age hardening. 

[0050] STli: As shown in FIG. 13A, a peripheral edge 111 of the end product 
97 is trimmed. 

[0051] ST12: As shown in FIG. 13B, the end product 97 is ground to obtain a 
10 finished product 117. 

[0052] Now, ST01 to ST 12 shown in FIG. 5 will be described in detail with 
reference to FIGS. 6Ato 13B. 

[0053] FIGS. 6A to 6E illustrate a concrete example of steps ST02 and ST03 
in the first process shown in FIG. 5; 

15 [0054] As shown in FIG. 6A, the blank 34 is placed on the inner periphery 
forming die 35. The inner periphery forming die 35 is a spinning forming die. 
Specifically, the blank 34 has the dimensions of inside diameter dl, outside 
diameter Dl (e.g., 80 mm), and thickness t (e.g., 2 mm). The material of the 
blank 34 is an aluminum alloy. For example, JIS A6061-O, an Al-Mg-Si system 

20 alloy, is used. 

[0055] The inner periphery forming die 35 includes a flat portion 36 and a 
protruded portion 37 of a central protruded portion of the flat portion 36. The 
flat portion 36 is mounted to a spinning lathe 41. Reference numeral 42 denotes 
a spinning bar, and 43 a first blank holder. 
25 [0056] As shown in FIG. 6B, the blank 34 is pressed against the inner 
periphery forming die 35 with the first blank holder 43 to be placed thereon, and 
then the spinning lathe 41 rotates the inner periphery forming die 35 to rotate 
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the blank 34. The central portion 45 of the blank 34 is pressed onto the inner 
periphery forming die 35 with the spinning bar 42. 

[0057] In FIG. 6C, the central portion 45 is cold-worked by the pressure of 
the spinning bar 42 to form the inner peripheral portion 24 to a predetermined 
5 draw height. 

[0058] In FIG. 6D, the inner peripheral portion 24 is subjected to full 
annealing (JISW-1103) in a heat treat furnace 46. The heat treat furnace 46 
has a furnace body 47, a heating means 51, and a controller 53 for controlling 
the heating means 51 based on preset temperature conditions and information 
10 from a thermocouple 52. The full annealing temperature conditions are made 
based on JIS W1103. 

[0059] Here, full annealing is determined by temperature rising rate Tvl, 
holding temperature Tkl, and holding time Hkl for the blank 34. For example, 
the holding temperature Tkl is 413°C, the holding time Hkl is one hour, cooling 
15 rate Tc is 26°C /lh until 260°C, and after 260°C, furnace cooling is done. 

[0060] FIG. 6E is a perspective view of the blank 34 with the spin-formed 
inner peripheral portion 24, illustrating the formation of the inner peripheral 
portion 24. The remaining portion 54 of the blank 34 is subsequently subjected 
to spinning. 

20 [0061] FIGS. 7A to 7C illustrate ST04 in the first process shown in FIG. 5. 
[0062] As shown in FIG. 7 A, the blank 34 formed with the inner peripheral 
portion 24 is placed on the outer periphery forming die 56 as a spinning forming 
die. The outer periphery forming die 56 includes a flat portion 57, a ring-shaped 
protruded portion 58 contiguous to the flat portion 57, and a second blank 

25 holder 61. The flat portion 57 is mounted to the spinning lathe 41. 

[0063] The outside diameter of the second blank holder 61 is smaller than 
the inside diameter of the inner peripheral portion 24 so as to press the center of 



the blank 34. 

[0064] In FIG. 7B, the inner peripheral portion 34 of the blank 34 is fitted 
into the ring-shaped protruded portion 58. A central portion of the blank 34 is 
pressed by the second blank holder 61 to be placed onto the ring-shaped 
5 protruded portion 58, and then the outer periphery forming die 56 is rotated to 
rotate the blank 34. The remaining portion 54 of the blank 34 is pressed onto 
the outer periphery forming die 56 by the spinning bar 42. 

[0065] In FIG. 7C, the remaining portion 54 is pressed onto the ring-shaped 
protruded portion 58 with the spinning bar 42 for cold working to partially form 

10 the outer peripheral portion 25. 

[0066] Since the central portion of the blank 34 is held by the second blank 
holder 61 in the process of spin working the outer peripheral portion 25, a top 
portion 62 can be smoothly plastically formed contiguously with the inner 
peripheral portion 24, and also the outer peripheral portion 25 can be smoothly 

15 plastically formed contiguously with the top portion 62. 

[0067] FIGS. 8A to 8E illustrate a concrete example of ST04 and ST05 in the 
first process shown in FIG. 5. 

[0068] In FIG. 8A, for spin working the outer peripheral portion 25, the 
second blank holder 61 (see FIG. 7A) is replaced with a third blank holder 64, 
20 and the spin working of the outer peripheral portion 25 is continued. The third 
blank holder 64 has a larger diameter than that of the top portion 62 for holding 
the top portion 62. 

[0069] In FIG. 8B, the formation of the outer peripheral portion 25 results in 
the formation of the substantially round formed portion 65 of a U-shaped cross 
25 section to a predetermined draw height, and also results in the first inter- 
mediate product 66 as an intermediate product. 

[0070] In FIG. 8C, the outer peripheral portion 25 is subjected to full 
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annealing in the heat treat furnace 46. Temperature conditions in full annealing 
are made based on JIS-W1103. 

[0071] Here, the temperature conditions in full annealing are the same as in 
the full annealing of the inner peripheral portion 24 described with FIG. 6D, 
5 and include holding temperature Tk2 (Tk2 = Tkl) and holding time Hk2 (Hk2 = 
Hkl). 

[0072] FIGS. 8D and 8E are perspective views of the first intermediate 
product 66, illustrating the formation of the substantially round formed portion 
65 to the predetermined draw height. Reference numeral 67 denotes an inner 

10 redundant member and 68 an outer redundant member. 

[0073] As shown in FIGS. 6A to 8E, in the first process shown in FIG. 5, the 
blank 34 is placed on a spinning forming die (inner periphery forming die 35, 
outer periphery forming die 56), and the blank 34 is pressed against the forming 
die by the spinning bar 42 to form the substantially round formed portion 65 of 

15 the U-shaped cross-section, whereby to obtain the first intermediate product 66. 
The number of dies for forming the first intermediate product 66 is only two, the 
inner periphery forming die 35 and the outer periphery forming die 56, 
resulting in a reduced die cost as compared with a press working die (upper and 
lower dies). Further, even in small-quantity production, the production cost of 

20 the elliptic deep-drawn product 17 (see FIG. l) can be reduced. 

[0074] Now, the trimming of the first intermediate product 66 shown in 
ST06 of FIG. 5 will be described with reference to FIGS. 9Aand 9B. 
[0075] As shown in FIG. 9A, the inner and outer redundant members 67, 68 
of the first intermediate product 66 are trimmed. Specifically, the inner 

25 redundant member 67 is cut at the location of an inner trim fine 69, and the 
outer redundant member 68 is cut at the location of an outer trim line 71. The 
trimming provides the second intermediate product 74 with an inner flange 72 
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and an outer flange 73 formed inward and outward contiguously with the 
formed portion 65. 

[0076] The outer flange 73 is provided with an area of distance B 1 from the 
formed portion 65 at the upper Hp portion 22, and is provided with an area of 
5 distance B2 (B2 < Bl) from the formed portion 65 at the lower lip portion 23. 
That is, the outer flange 73 is cut along the outer trim line 71 into an elliptic 
shape in a plan view. 

[0077] FIG. 9B is a perspective view of the trimmed second intermediate 
product 74. For trimming, any device can be used. 
10 [0078] The provision of the outer flange 73 of distance Bl at the upper Up 
portion in the above trimming step allows for the prevention of thickness 
reduction in the following second process of press working by causing the inflow 
of the outer flange 73 of distance Bl. 

[0079] Now, the solution heat treatment of the second intermediate product 
15 74 shown in ST07 and ST08 of FIG. 5 will be described with reference to FIGS. 
lOAto IOC. 

[0080] As shown in FIG. 10A, the second intermediate product 74 is 
subjected to solution heat treatment. Temperature conditions in solution heat 
treatment are made based on JIS-W-1103. 
20 [0081] Temperature conditions in solution heat treatment include 

temperature rising rate Tv2, holding temperature (solution heat treatment 
temperature) Tk3, and holding time Hk3. For example, the solution heat 
treatment temperature Tk3 is set at 529°C, and the holding time Hk3 is set at 
half an hour. 

25 [0082] A heat treatment furnace 75 used here is substantially identical 
with the heat treatment furnace 46 (see FIG. 6D) and description thereon will 
not be made. 
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[0083] Then, as shown in FIG. 10B, the second intermediate product 74 is 
cooled. 

[0084] For example, the second intermediate product 74 is put into water 77 
in a water tank 76 as shown by arrow (l) to be quenched. Time it takes to put it 
5 out of the heat treatment furnace 75 into the water 77 should not over ten 
seconds. Equipment such as the heat treatment furnace 75 and the water tank 
76 is exemplary. Water may be kept at a constant temperature. Alternatively, 
coolant other than water such as oil may be used. 

[0085] As shown in FIG. 10C, the second intermediate product 74 is then 
10 placed in the refrigerator 78 to make the temperature of the second inter- 
mediate product 74 to Ts and to maintain the temperature Ts for holding time 
Hs. 

[0086] The holding time Hs is a waiting time or a travel time until the start 
of the second process. 
15 [0087] Here, the temperature Ts is set at -42°C and the holding time Hs is 
set at five minutes. 

[0088] Thus keeping the temperature of the second intermediate product 74 
at Ts in the refrigerator 78 prevents aging of the second intermediate product 74 
and hardening of the aluminum alloy. 
20 [0089] Now, the second process of ST09 shown in FIG. 5 will be described in 
detail with reference to FIGS. llAto 11F 

[0090] First, as shown in FIG. 11 A, the second intermediate product 74 held 
in the refrigerator 78 (see FIG. 10C) is removed from the refrigerator 78, and, 
before the start of its hardening at room temperature, the second intermediate 
25 product 74 is placed in the press working die 81 mounted to a press 79. The die 
81 consists of an upper die 82 and a lower die 83. 

[0091] A cushion device 84 including a blank holder 85, a cushion pin 86 and 
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an actuating means 87 is disposed at the press 79. The actuating means 87 
includes a hydraulic cylinder, for example. 

[0092] The upper die 82 has a circular depression 88 located left in FIG. 11A 
and an elliptic depression 89 located right, being contiguous to the circular 
5 depression 88 and gradually increased in diameter. 

[0093] The lower die 83 has a circular protrusion 91 located left in FIG. 11 A 
and an elliptic protrusion 92 located right, being contiguous to the circular 
protrusion 91 and gradually increased in diameter. 

[0094] The second intermediate product 74 removed from the refrigerator 78 
10 is placed on the lower die 83. Specifically, the substantially round formed 

portion 65 is placed on the circular protrusion 91 and the elliptic protrusion 92 

of a continuous ring shape of the lower die 83 as shown in FIG. 11B. Edges 94, 

94 of the inner and outer flanges 72, 73 line contact the circular protrusion 91 

and the elliptic protrusion 92. 
15 [0095] Then, the cushion device 84 is lowered by the press 79. 

[0096] As shown in FIG. 11B, the blank holder 85 of the cushion device 84 

presses the inner flange 72 and the outer flange 73. 

[0097] As shown in FIG. 11C, the press 79 is further lowered to apply 
pressure on the second intermediate product 74 with the upper die 82. At that 
20 time, the blank holder 85 retreats as shown by arrow (2) while maintaining the 
pressure on the inner and outer flanges 72, 73. 

[0098] As shown in FIG. 11D, the upper die 82 is lowered to the downward 
limit, causing plastic deformation in the second intermediate product 74 
between the upper die 82 and the lower die 83 (see FIG. 11C), thereby forming 
25 the formed portion 96 in the final shape including the elliptic portion 95 and 
simultaneously providing the end product 97. At that time, the blank holder 85 
pressurizes the inner and outer flanges 72, 73 at a predetermined flange 
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holding pressure Pb (Kg/cm 2 ). 

[0099] FIG. HE is an enlarged view of a portion HE in FIG. HD, 
illustrating the formation of the formed portion 96 in the final shape by causing 
deformation in the substantially round formed portion 65 of the second 
5 intermediate product 74 (see FIG. 9B) with the press working die 81. 

[0100] In the second process, the inner and outer flanges 72, 73 formed 
inward and outward of the formed portion 65 of the second intermediate product 
74 shown in FIG. 9B are pressurized by the blank holder 85 at the 
predetermined flange holding pressure Pb. Therefore, when the formed portion 
10 65 is pressurized in the die 81, the inner and outer flanges 72, 73 slidingly flow 
in as shown by arrows (3), (4), preventing reduction in the thickness of the 
formed portion 96 in the final shape, preventing fracture of the formed portion 
96, and preventing flange wrinkling. 

[0101] FIG. 11F illustrates the formed portion 96 of the end product 97 and 
15 the inner and outer flanges 72, 73 left inward and outward contiguously with 
the formed portion 96, shown in solid lines, and also illustrates the formation of 
the elliptic portion 95 by causing deformation in a semicircle 98 of the formed 
portion 65 formed by spinning (see FIG. 9B). 

[0102] The outer flange 73 is formed in the step of trimming as shown in 
20 chain double-dashed lines, so that, when draw forming the elliptic portion 95 in 
the second process, the outer flange 73 is caused to slidingly flow in as shown by 
arrows (4) to prevent the reduction of thickness of the elliptic portion 95. 
[0103] The inner flange 72 is formed as shown in chain double-dashed lines, 
so that, when draw forming the formed portion 65 in the second process, the 
25 inner flange 72 is caused to slidingly flow in as shown by arrows (3) to prevent 
the reduction of thickness of the formed portion 96. 

[0104] As described above, in the second process illustrated in FIGS. 11A to 
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11F, the second intermediate product 74 is placed in the press working die 81 
which causes deformation in the semicircle 98 of the formed portion 65 (see FIG. 
6) to form the elliptic portion 95 and also forms the formed portion 96 in the 
final shape from the formed portion 65 shown in FIG. 9B, whereby to obtain the 
5 end product 97. Thus, the two processes of the spinning process performed in 
the first process and the press working process performed in the second process 
enables the formation of the elliptic deep-drawn product 17 having the formed 
portion 95 of the U-shaped cross section. 

[0105] Now, the process of artificial age hardening of an end product in ST 10 
10 shown in FIG. 5 will be described with reference to FIG. 12. 

[0106] The end product 97 is subjected to the artificial age hardening while 
held in the die 81. The artificial age hardening is performed based on JIS- 
W-1103. 

[0107] Here, the heating means 102 and the controller 53 for controlling the 
15 heating means 102 based on preset temperature conditions are used. The 
process conditions are holding temperature Tk4 and holding time Hk4. The 
holding temperature Tk4 is set at 177°C, and the holding time Hk4 is set at ten 
hours, for example. 

[0108] Thus, after the second process, the artificial age hardening is 
20 performed, thereby to further increase the strength of the aluminum alloy of a 
heat treatment alloy used for the end product 97. 

[0109] Now, the trimming step and the grinding step in ST 11 and ST 12 
shown in FIG. 5 will be described with reference to FIGS. 13A and 13B. 
[0110] As shown in FIG. 13A, the end product 97 is trimmed by a cutting 
25 device 103. The cutting device 103 has a turntable 104 and a laser cutter 105. 
The end product 97 is placed on a positioning means 106 of the turntable 104. 
With the turntable 104 rotated, the laser cutter 105 cuts the peripheral edge 111 
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to height Y (e.g., 120 mm) to provide the formed portion 96 of the height Y. A 
cut off portion 112 is discarded. 

[0111] Then, an affected portion at the peripheral edge 111 is removed, and 
the peripheral edge 111 is worked into a groove (groove provided in a member to 
5 weld) shape to be circumferentially weldable. 

[0112] The peripheral edge 111 is cut by the laser cutter 105, but may be cut 
by other device than the laser cutter 105, alternatively. 

[0113] As shown in FIG. 13B, next, the end product 97 is ground by a 
grindstone 116 of a grinding means 115 to obtain the finished product 117. That 

10 is, the elliptic deep-drawn product 17 (see FIG. l) is obtained. The end product 
97 is preferably mirror finished with the surface roughness of Rmax = 0.5S or 
less, for example. To achieve Rmax = 0.5S or less, lapping or polishing may be 
chosen instead, or the processes may be done in order (grinding — ► lapping). 
[0114] FIG. 14 is a temperature diagram illustrating the transition of 

15 temperature effected in the elliptic deep-drawn product manufacturing method 
according to the present invention. The horizontal axis shows time (H) and the 
vertical axis shows temperature (°C). 

[0115] After the first process of spinning (cold working), full annealing, 
solution heat treatment, cooling, and holding in the refrigerator are performed, 
20 and in the second process of press working, cold forming is performed, and 
thereafter, artificial age hardening is performed. 

[0116] The full annealing temperature conditions are such that the holding 
temperatures Tkl and Tk2 are 413°C, respectively, and the holding times Hkl, 
Hk2 are one hour, respectively. 
25 [0117] The solution heat treatment temperature conditions are such that 
the holding temperature (solution heat treatment temperature) Tk3 is 529°C, 
and the holding time Hk3 is half an hour. 
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[0118] The full annealing and solution heat treatment after cold working 
can relieve stress after the cold working and improve formability. 
[0119] After cooling, the product is held in the refrigerator, in which the 
temperature Ts is set at -42°C and the holding time Hs is set at five minutes. 
5 [0120] The artificial age hardening temperature conditions are such that the 
holding temperature Tk4 is 177°C and the holding time Hk4 is ten hours. 
[0121] The artificial age hardening can further increase the strength of the 
heat treatment alloy aluminum alloy used for the elliptic ring body 17. 
[0122] Between the first process and the second process shown in the 

10 embodiment of this invention, a new process may be added. For example, after 
the trimming step after the first process, a perforation step may be provided. 
[0123] In this embodiment, the elliptic deep-drawn product 17 is exempla- 
rily described as an airplane nacelle lip. The present invention, however, is not 
limited to this embodiment and is applicable to dome-shaped products such as 

15 airplane tail cones and train (bullet train) noses. 

[0124] Obviously, various minor changes and modifications of the present 
invention are possible in the light of the above teaching. It is therefore to be 
understood that within the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 

20 
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